the 2.05-2.68 billion-year-old Basement Complex, as well as metacarbonates, schists, metavolcanics, and quartzites of the 1.35-2.05 billion-year-old Muva Supergroup (Kamona, 1994) . The gneisses and schists are intruded by later granitic pegmatites, which commonly have quartz cores and outer zones of microcline feldspars. Muscovite is usually concentrated at the contact between these zones, and aquamarine may occur in either zone. The pegmatites may also contain gem tourmaline, as well as concentrations of rare elements (Nb, Ta, Li, Cs, Y, La, and U). The Mozambique Belt also hosts gold mineralization, in sheared quartz veins occurring in schists and metavolcanics of the Muva supergroup; bismuth minerals (bismuthinite, bismutite) are found in this gold ore.
Tourmaline has been mined in at least three areas in eastern Zambia (figure 2): Lundazi, at the northeast end of the Belt (e.g., the Aries deposit: Kamona, 1994) ; Chipata, in the center of the belt (see, e.g., Schmetzer and Bank, 1984a and b) ; and Nyimba, in the south (e.g., the Hofmeyer deposit: Kamona, 1994) . The Chipata area is known to produce "intense" yellow tourmalines, (Schmetzer and Bank, 1984a and b; Koivula, 1985) ; red to brownish red tourmalines (Koivula and Fryer, 1985) ; and brownish orange and brownish green stones (mentioned by Koivula and Kammerling, 1991) . The Hofmeyer pegmatite near Nyimba is the source of tourmaline varieties rubellite and green "emeraldolite" (Kamona, 1994) . Bank (1982) described yellowgreen, green, red, brown, and violet tourmalines from Zambia, but he provided no specific information about their source. The bicolored tourmaline mentioned by Thomas (1982) may have come from Lundazi or Nyimba.
MINING AND PRODUCTION
The Kalungabeba deposit is alluvial, and the tourmaline-bearing gravels also contain spessartine, aquamarine, and dispersed quartz. Both pink and "multicolored" tourmalines have been found, the former occurring in a variety of crystal shapes, but the latter always as nodules; all show wear from alluvial transport. At the time of Mr. Sarosi's visit, there were no known gem-bearing outcrops in the immediate vicinity of this field, although Mr. Sarosi reports that subsequent mining has unearthed spessartine garnet-bearing pegmatites.
Production at this locality started in October 1996. At the time of Mr. Sarosi's visit in early 1997, about 90% of the tourmaline was coming from a single pit measuring about 12 m (40 feet) in diameter and 6 m (20 feet) deep. Approximately 700 unlicensed miners worked the deposit during the initial "rush"; after five died, the Ministry of Mines closed the area and then issued a number of licenses (around May 1997). At present, approximately 60 miners are working the deposit by hand, hauling loads of gravel to an adjacent water-filled depression, where wet-sieving is done to recover the gem rough. About 100 kg of facet-quality rough (and several tons of lower-quality material) had been recovered as of June 1997. By this time, Mr. Sarosi, who believes he purchased most of the available multicolored rough, had fashioned some 10,000 carats of goods, ranging up to 20 ct.
MATERIALS AND METHODS
Nineteen faceted stones (3.04 to 11.48 ct) and 10 nodules (10.28 ct [9 × 11 × 14 mm] to 20.61 ct [12 × 14 × 15 mm]) were examined; these were chosen to represent the variety of material on hand. The faceted stones consisted of six pink, five yellowgreen, and eight multicolored samples; the rough nodules were all multicolored green and pink. We looked at the rough samples with diffuse transmitted illumination to characterize the color zoning, but we did not test these further gemologically.
Gemological characterization of the fashioned samples was performed as follows on all 19 faceted stones, except where noted. We observed the faceup colors using daylight-equivalent fluorescent light sources. Polarization behavior was noted using a GIA GEM Instruments Illuminator polariscope, and we determined pleochroism using a dichroscope and the polariscope light source. The colors seen with a "Chelsea" filter were noted for 13 of the 19 faceted stones, and we measured refractive indices for these same 13 stones using a Duplex II refractometer with a sodium-equivalent light source and a polarizing eyepiece. Specific gravities were determined by hydrostatic weighing (13 stones). Fluorescence was observed in a darkened room using a controlled viewing environment and a GIA GEM shortwave/long-wave ultraviolet lamp. Absorption spectra were noted with a Beck spectroscope in a deskmodel configuration and transmitted light. Microscopic properties were observed with a gemological microscope (Reichert Stereo Star Zoom) equipped with polarizing plates.
We investigated trace-element chemistry by qualitative energy-dispersive X-ray fluorescence (EDXRF) spectroscopy, using a Tracor Xray (now Spectrace Instruments) Spectrace 5000 instrument with a rhodium-target X-ray tube. Complete spectra were acquired for six faceted stones, including a bicolored stone for which both pink and green regions were analyzed. It is unusual to see bismuth in tourmaline (Paraíba stones being a notable exception; see, e.g., Fritsch et al., 1990) , and we were quite surprised to see evident Bi peaks in the EDXRF spectra of the first stones we examined. Therefore, for eight other stones, data were collected only in the bismuth region (8-18 keV) of the EDXRF spectrum.
Electron microprobe analyses were obtained and processed at the University of Manitoba, Canada, for three samples (3 points each on a 9.44 ct pink cut stone and an 11.48 ct yellow-green cut stone, and 8 points in a traverse along a polished slice from a multicolored nodule). The following elements were quantitatively measured: Na, Mg, Al, Si, P, F, K, Ca, Ti, V, Cr, Mn, Fe, Zn, and Bi (Bi 2 Se 3 was used as a Bi standard for analyses, and the detection limit was 0.17 wt.% Bi 2 O 3 ). The analytical conditions and methods for calculating the tourmaline formulas are given in Burns et al. (1994) .
APPEARANCE AND GEMOLOGICAL PROPERTIES
Visual Appearance. Rough Material. The nine rough samples (some of which are illustrated in figure 3) seemed typical for tourmaline, showing three-sided symmetry in cross-section. The rounded top and bottom surfaces showed conchoidal fracture, creating an overall nodular shape. Some parallel striations were evident on the sides of the nodules, which is also typical for tourmaline; however, all samples showed worn surfaces.
With diffuse transmitted light, we saw that the rough was zoned "watermelon" fashion, typically with pink triangular cores and green rinds that approached hexagons in outline. Paler (green to colorless) zones were sometimes evident between the pink cores and green rinds (again, see figure 3 ).
Cut Stones. We examined one round, one cushion, two rectangular, four square, and 11 oval cut stones, all modified brilliants (see, e.g., figure 4). All of the fashioned stones had been modified so that the crown area was covered with many facets ("checkerboard" cut). The colors of these samples are summarized in table 1. Color distribution ranged from even through uneven to multicolored. Most of the multicolored stones were fashioned to show patches of color throughout (figure 5), rather than the regular bars of color that are commonly seen in a bicolored or tricolored tourmaline.
According to Mr. Sarosi, this "mixed-color" tourmaline presents some unusual challenges to the gem cutter. To obtain the desired multicolored appearance, Mr. Sarosi noted, the green rind on the rough must be retained in the faceted stone. In addition, the rind also seems to impart physical stability to the stone; if all of it is removed, the stone often breaks during fashioning. Regardless, the tourmaline rough cracks into pieces if sawn. A larger than expected number of stones break during faceting, and a few have even broken after cutting was completed. Because of this, the largest fashioned stones have only reached 20 ct in size, and the rough has a yield of about 20% (in comparison to an expected yield of 30%-33%). Mr. Sarosi finds that the "checkerboard" cut (again, see figure 1 ) works best to minimize breakage during cutting.
Physical and Optical Properties. Since we might expect the physical and optical properties of tourmaline to vary with color, we arranged the data into three classes: pink (including red), yellowgreen, and multicolored stones. The properties for each of these groups are summarized in table 1. A desaturated "blend" of pleochroic colors was seen in some of the multicolored stones. All 13 stones on which refractive index readings were taken had R.I.'s in the range of n ε = 1.619-1.620 and n ω = 1.637-1.639, with birefringences of 0.018-0.020. None of the stones tested showed any reaction to UV radiation. These properties are not unusual for tourmalines of these colors.
Spectroscopy. The samples showed typical spectra for tourmalines of similar colors (again, see table 1).
Microscopy/Inclusions. The main inclusions seen with magnification were: "pinpoints" (very small minerals), growth tubes (figure 6) or needles, and fractures. All of these inclusions are common in tourmaline, regardless of its source, and there was no indication of possible included bismuth minerals (e.g., metallic bismuthinite or native bismuth, or high-relief near-colorless bismutite). Small opaque reddish orange spheres were noted in the ends of growth tubes in four samples. The prominent growth features we identified were growth bands--sharp boundaries between regions of slightly different refractive index, similar to the graining seen in diamonds. These bands were straight, angular, or wavy. Angular growth bands were seen in pink, yellow-green, and multicolored stones; wavy growth bands in combination with angular growth bands were seen in yellow-green and multicolored stones; and straight growth bands in combination with angular growth bands were seen in multicolored stones. In one pink stone, we saw only minimal growth banding. The growth bands were pronounced (eye-visible) in nearly all stones; however, no strain was obvious in any stone when viewed between crossed polarizers.
CHEMICAL ANALYSIS EDXRF.
We performed EDXRF analyses on six of the faceted tourmalines: two pink, one yellowgreen, two multicolored (analyzed without regard to color orientation), and one pink-and-yellowish green bicolor in which both color regions could be separately examined. Selected-energy-region EDXRF analyses for bismuth were performed on eight additional stones--three pink, two yellowgreen, and three multicolored. These analyses could be roughly quantified on the basis of the microprobe results (see below). We found major amounts (greater than 1 wt.% oxide) of Al and Si, and minor (greater than 0.1 wt.% oxide) Ca and Mn. The Fe content could be classified as major, minor, or trace (less than 0.1 wt.% oxide) in these stones, depending on color: The amount of absorption due to Fe is appreciably greater in the spectra of yellow-green stones (or regions) than in those of pink stones (or regions). Bismuth occurred at minor to trace levels. Trace amounts of Cu, Zn, Ga, and Ge were found in all the EDXRF spectra. Ti was seen in the yellowgreen region of one multicolored stone and in another multicolored stone at the trace level. Pb was detected in one multicolored stone.
Each of the eight spectra taken using conditions to detect only Bi revealed relatively high amounts of that element (i.e., at the minor-element level), regardless of the color of the material. Raw counts in the EDXRF analyses suggest that more Bi is present in the early-forming pink zones (i.e., the cores of the multicolored nodules) than in the later-forming yellow-green rinds.
Electron Microprobe. Three samples were examined in more detail using an electron microprobe (the two cut stones shown in figure 1 and the multicolored nodule shown in figure 7) ; the results are given in table 2. The compositions indicate that these tourmalines are all elbaite, the sodium-, lithium-, and aluminum-rich species in the tourmaline mineral group. As with the EDXRF analyses, the green rind of the tourmaline nodule showed less bismuth than the pink core. The most bismuth (0.49 wt.%) was found in the pink stone.
DISCUSSION
The gemological properties of the Zambian tourmalines we studied are consistent with those of the tourmalines from the Lundazi area described by Thomas (1982) . One reason for extensive past interest in Zambian tourmalines was the possibility that specimens from the Chipata area might have been the hypothetical manganese-rich species tsilaisite, although none proved to be so (see, e.g., Schmetzer and Bank, 1984a and b; Shigley et al., 1986) . All the stones examined for the present study have low Mn contents.
The unusual feature of these elbaites is their high Bi contents. Traces of Bi are sometimes found in rocks crystallized from late-stage silicic melts (i.e., in granitic pegmatites: see, e.g., Mintser, 1979) ; in Zambia, a possible source for this element is the nearby gold deposits (Kamona, 1994) . However, bismuth does not readily substitute for common elements in silicates (see, e.g., Kupcík, 1972) , so its presence in tourmaline is unexpected.
Examples of Bi-bearing tourmaline are relatively uncommon. In an exhaustive literature search, Dietrich (1985) noted trace amounts of Bi in draviteuvite and schorl tourmalines, but not in elbaites. Peretyazhko et al. (1991) described rubellites (elbaites) from miarolitic granitic pegmatites in the Malkhan Range in Central Transbaikalia, Russia, that contained both Bi (up to 0.55 wt.% Bi 2 O 3 ) and lead. The elbaites from São José da Batalha, Paraíba, Brazil, are best known for their copper contents, but they also contain up to 0.83 wt.% Bi 2 O 3 (on the basis of microprobe analyses by Fritsch et al., 1990; Henn et al., 1990; and Rossman et al., 1991) . In addition, according to unpublished microprobe data, a color-change tourmaline from East Africa (described by Koivula and Kammerling, 1991) contained trace amounts of Bi.
One reason for the paucity of information on bismuth in tourmaline is that most modern analyses are performed with the electron microprobe, which has a relatively high detection limit (e.g., 0.17 wt.% Bi 2 O 3 in our analyses; however, EDXRF is considerably more sensitive for Bi. Further, unless bismuth is looked for in microprobe analyses, it will Burns et al., 1994 v not in general be found. We would not be surprised if tourmalines from other localities are also found to contain significant amounts of bismuth. It is not apparent what effect, if any, bismuth has on the gemological properties of tourmaline. Bismuth is not a chromophore (see, e.g., Kupcík, 1972) . As a heavy element, its presence should increase both specific gravity and refractive index (see, e.g., Bloss et al., 1983) , but neither of these properties appears to have been affected at the concentration levels noted in our samples.
CONCLUSION
Significant amounts of tourmaline from a new alluvial deposit in the Lundazi area of Zambia are now available. These attractive tourmalines are notable for their chemical composition (Bi-bearing elbaite) as well as for the unusual "mixed-color" appearance of the faceted stones, a consequence of the durability problems inherent in the rough. About 10,000 ct of faceted stones are now available, and tons of lower-quality material have been mined.
Bismuth is not usually present at detectable levels in gem tourmaline. In the Lundazi stones, more Bi was measured in the pink cores than in the green rinds, and individual analyses give concentrations of up to 0.49 wt.% Bi 2 O 3 . Nevertheless, the presence of Bi in these tourmalines does not appear to influence their gemological properties. The most distinctive property of these stones is the growth zoning; otherwise, the gemological properties are consistent with those recorded for elbaites of similar colors from other localities.
